Accumulating evidence has shown that seasonal variations can exist within metabolic syndrome parameters. The aim of this study was to examine the hypothesis that there are seasonal variations in the prevalence of metabolic syndrome in Japanese subjects. We investigated a total of 1202 male workers in our institution (44 ± 10 years) who underwent health checkups in both June (summer) and December (winter) 2008. In this study, metabolic syndrome was defined according to the criteria proposed by the National Cholesterol Education Program (NCEP), the International Diabetes Federation (IDF) and the Japanese Society of Internal Medicine (JSIM). Serum levels of high-density lipoprotein-cholesterol and fasting glucose, as well as blood pressure (BP), were significantly higher in winter than in summer, whereas waist circumference and serum levels of triglyceride exhibited little change. The prevalence rates of NCEP, IDF, and JSIM metabolic syndrome in this study were 3.8, 15.1 and 12.4% in winter and 3.2, 10.7 and 8.4% in summer, respectively. Of all metabolic syndrome components, an elevated BP was most significantly correlated with the seasonal variation of metabolic syndrome prevalence. This study demonstrated seasonal variations in metabolic syndrome prevalence in Japanese male workers. These results indicate that the season of health checkups may affect the clinical diagnosis and management of metabolic syndrome.
INTRODUCTION
Metabolic syndrome is highly associated with the presence of abdominal obesity and is noted worldwide as a possible cause of atherosclerotic cardiovascular disease. [1] [2] [3] This syndrome has also been the focus of much attention in the scientific literature, because major organizations such as the National Cholesterol Education Program (NCEP) and the International Diabetes Federation (IDF) have each released separate diagnostic criteria. 4, 5 Such organizations have proposed that metabolic syndrome can be clinically diagnosed using a clustering of simple measurements, including waist circumference (WC), triglyceride (TG), high-density lipoprotein-cholesterol (HDL-C), blood pressure (BP) and fasting glucose. It is important to recognize that there are seasonal variations in these metabolic parameters, which may affect the assessment of this syndrome. Accumulating evidence has shown that seasonal variations exist in the metabolic parameters. [6] [7] [8] [9] [10] These variations usually have a tendency to be higher in fall and winter than in spring and summer. It is believed that physical activities and cold acclimatization may affect these variations. [7] [8] [9] For example, cold increases BP through increases in sympathetic tone. However, little is known about the relationship between seasonal variations in metabolic parameters and metabolic syndrome prevalence. Therefore, we hypothesized that there is a strong relationship between seasonal variations in metabolic parameters and seasonal variations in metabolic syndrome prevalence. To elucidate this hypothesis, we assessed Japanese male workers in summer and winter.
METHODS

Study subjects
We investigated a total of 1202 male workers (20-69 years) belonging to the Nuclear Science Research Institute, Tokai Research and Development Center, Japan Atomic Energy Agency, who underwent health checkups in both June (summer) and December (winter) 2008. In this study, we excluded female workers owing to a smaller number of possible participants (n¼141). In addition, male subjects who were taking medications for hypercholesterolemia, hypertension and diabetes mellitus were also excluded, because the study results might have been influenced by these drugs. All subjects had a negative history of coronary artery disease, stroke or cancer. At each checkup, demographic data and health information were collected by self-administered questionnaires, and all participants were subjected to a physical examination assessing height, weight, WC and BP. Resting BP in a sitting position was measured by trained technicians using a standard mercury sphygmomanometer. Venous blood samples were collected from each subject after 9 h or overnight fasting.
This study was conducted in accordance with the guidelines expressed in the Declaration of Helsinki and approved by the institutional committee.
Definition of metabolic syndrome
In this study, metabolic syndrome was defined according to the criteria proposed by NCEP, IDF and the joint committee of eight Japanese medical societies, including the Japanese Society of Internal Medicine (JSIM). 4, 5, 11 The NCEP criteria are as follows: Subjects with more than three of the following components are considered to have NCEP metabolic syndrome: (1) abdominal obesity defined as WC 4102 cm; (2) high TG defined as TG X150 mg per 100 ml; (3) low HDL-C defined as HDL-C o40 mg per 100 ml; (4) elevated BP defined as BP X130/85 mm Hg; and (5) high glucose defined as fasting glucose X110 mg per 100 ml. The sole criterion for IDF diagnosis is abdominal obesity defined as WC X85 cm. In addition, subjects with more than of the resting components of the NCEP criteria receive a diagnosis of IDF metabolic syndrome, for which high glucose is defined as fasting glucose X100 mg per 100 ml. The sole criterion for JSIM diagnosis is identical to that of IDF. In addition, subjects with more than two of the following components are considered to have JSIM metabolic syndrome: (1) high TG defined as TG X150 mg per 100 ml or low HDL-C defined as HDL-C o40 mg per 100 ml; (2) elevated BP defined as BP X130/85 mm Hg; and (3) high glucose defined as fasting glucose X110 mg per 100 ml. 
Data analysis
RESULTS
Characteristics of study subjects
The characteristics of the study subjects in summer are shown in Table 1 . The mean levels of low-density lipoprotein-cholesterol, urea nitrogen, creatinine, uric acid, hemoglobin and hematocrit were within the normal range. Current smokers comprised 23.4% of the study population. Serum levels of low-density lipoprotein-cholesterol were markedly higher in winter than in summer (131 ± 31 vs. 127 ± 30 mg per 100 ml, P¼0.0033).
Seasonal variations in metabolic parameters
The metabolic parameters of all subjects were assessed in both summer and winter. The seasonal variations in metabolic parameters are listed in Table 2 . Serum levels of HDL-C and fasting glucose were significantly higher in winter than in summer (P¼0.0006, P¼0.0010), whereas WC and serum levels of TG did not differ (P¼0.4526, P¼0.4430). In particular, systolic and diastolic BP levels were significantly higher in winter than in summer (systolic BP: 129 ± 14 vs. 125 ± 14 mm Hg, Po0.0001; diastolic BP: 78 ± 10 vs. 70±11 mm Hg, Po0.0001; respectively). The seasonal amplitudes in systolic and diastolic BP were greater in subjects having WC X85 cm (127 ± 14/72 ± 11 mm Hg in summer and 132 ± 15/81 ± 10 mm Hg in winter) than in subjects with WC o85 cm (123±14/69±10 mm Hg in summer and 127 ± 14/76 ± 10 mm Hg in winter).
Seasonal variations in metabolic syndrome prevalence
In this study, we used several criteria to evaluate the consistency of seasonal variations in metabolic syndrome prevalence. Seasonal variations in the prevalence of NCEP, IDF and JSIM metabolic syndrome are shown in Figure 1 . The prevalence rates of NCEP, IDF and JSIM metabolic syndrome in this study was 3.8, 15.1 and 12.4% in winter and 3.2, 10.7 and 8.4% in summer, respectively (P¼0.3743, P¼0.0012, P¼0.0010, respectively). The significant differences in prevalence data between NCEP criteria and the other criteria were considered to be dependent on differences in WC measurements because the prevalence of modified NCEP metabolic syndrome was 10.3% in summer and 14.0% in winter when the reference level of WC measurements was changed from 4102 to X85 cm. Seasonal frequencies of the metabolic syndrome components are shown in Figure 2 . Frequencies of abdominal obesity, high TG or low HDL-C component were comparable in the two seasons and therefore had little impact on seasonal variations of metabolic syndrome prevalence. The frequency of elevated BP component increased from 37.4% (n¼450) in summer to 49.3% (n¼592) in winter (Po0.0001), which was related to seasonal variations of NCEP, IDF and JSIM metabolic syndrome prevalence. In addition, 93.5, 87.8 and 90.0% of subjects having NCEP, IDF and JSIM metabolic syndrome, respectively, had elevated BP component in winter. Moreover, the seasonal frequency of high glucose component had a greater impact on the seasonal variation of IDF metabolic syndrome prevalence itself. The frequency of high glucose component defined as fasting glucose X100 mg per 100 ml increased from 9.2% (n¼110) in summer to 13.8% (n¼166) in winter (P¼0.0003), although that defined as glucose X110 mg per 100 ml was comparable in both the seasons (P¼0.4674).
Influence of age and smoking status on metabolic syndrome prevalence Seasonal variations in metabolic syndrome prevalence could be substantially influenced by age (Figure 3 ). The frequency of metabolic syndrome occurrence in subjects aged X40 years was significantly higher than that in subjects o40 years of age in either season. Moreover, in subjects aged X40 years, the prevalence of IDF and JSIM metabolic syndrome significantly increased from 13.0 and 10.3% in summer to 19.1 and 15.8% in winter, respectively (Po0.01, Po0.01), whereas that of NCEP metabolic syndrome did not differ (4.0% in summer and 5.0% in winter). On the other hand, there was no relationship between smoking status and metabolic syndrome prevalence.
DISCUSSION
In this study, we showed that there are seasonal variations in metabolic syndrome prevalence in Japanese male workers, mainly due to a higher proportion of elevated BP component defined as BP X130/85 mm Hg Seasonal variation in metabolic syndrome prevalence F Kamezaki et al in winter. This result provides direct support to the notion that seasonal variation in metabolic parameters, especially in BP, affects a diagnosis of metabolic syndrome. Metabolic syndrome is a risk factor for atherosclerotic cardiovascular disease and consists of atherogenic dyslipidemia, elevated BP, increased glucose concentration, as well as prothrombotic and proinflammatory states. 12 The criteria of major organizations such as NCEP and IDF are that metabolic syndrome can be diagnosed clinically using a cluster of simple measurements, including WC, TG, HDL-C, BP and fasting glucose. However, despite accumulating evidence of seasonal variations in these metabolic parameters, these variations are not included, even in the criteria of these international organizations. A large cross-sectional study reported that systolic BP decreases with increasing air temperature, with an 8.0 mm Hg difference between the lowest and the highest air temperature quintile. 8 There are also seasonal variations in serum levels of TG, HDL-C and fasting glucose. Many studies have shown that lipids including TG, HDL-C and lowdensity lipoprotein-cholesterol have a tendency to be higher in fall and winter than in spring and summer, although this phenomenon is not fully understood. Studies examining the role of body mass index, diet and physical activity have reported that these variables do not fully explain the variation between seasons. 13, 14 On the other hand, Ockene et al. 7 reported a possible mechanism in which a change of blood volume due to fluctuations in environmental temperature and/or physical activity can contribute to accompanying variations in lipid levels. Thus, these findings suggest that the seasons in which patient health assessments are performed may affect the clinical diagnosis of metabolic syndrome. However, the seasonal variations in metabolic syndrome prevalence are yet to be fully elucidated.
There are several important findings in this study. First, there are seasonal variations in metabolic syndrome prevalence in Japanese male workers regardless of NCEP, IDF or JSIM criteria. This study showed that 0.6, 4.4 and 4.0% of subjects met the NCEP, IDF and JSIM criteria, respectively, for diagnosis more often in winter than in summer, and that the variations were observed predominantly in subjects aged X40 years. In Japan, the specific guidelines for health checkups and guidance were initiated in 2008 to prevent lifestylerelated diseases, with a focus on metabolic syndrome. The 2006 Japan National Health and Nutrition Examination Survey reported that metabolic syndrome prevalence was presumed to be found in B25.5% of Japanese males, or 6.55 million subjects who were 40-75 years of age. Therefore, the particular season in which health checkups are conducted may produce misclassification of metabolic syndrome, especially in Japanese males. Second, both systolic and diastolic BP levels were markedly elevated in winter, although cold temperatures increase systolic BP predominantly through increases in sympathetic tone. On the basis of meteorological data obtained from the Mito Local Meteorological Observatory, the mean monthly air temperature in this area was 19.0 1C in June and 1.7 1C in December 2008. Seasonal amplitudes in systolic and diastolic BP were 5 and 9 mm Hg, respectively, in study subjects with abdominal obesity. These values were significantly higher in subjects with a diagnosis of abdominal obesity. This information may be of use to clinicians in deciding how they should approach risk assessment in subjects with abdominal obesity and/or metabolic syndrome, as well as how aggressively to treat a patient based on the season. Many meta-analyses have shown that BP control is very important for cardiovascular outcomes. [15] [16] [17] The INTERSALT study reported that decreasing systolic BP by at least 2.2 mm Hg is associated with a 4% lower risk of coronary death and a 6% lower risk of stroke death in middle age. 18 Moreover, many studies have shown that morbidity and mortality of cardiovascular disease are higher in winter than in seasons. 19, 20 We propose that strict management of the seasonal BP variability has a key role in the prevention of cardiovascular disease, and health checkups are more useful when they are conducted in the winter season. However, further studies are required to clarify the clinical implications of the relationship between BP variability and the season of health checkups. Finally, many subjects with metabolic syndrome have insufficient control of risk factors, especially BP. In this study, the majority of subjects with metabolic syndrome in winter had BP X130/85 mm Hg. Recent treatment guidelines have incorporated the concept of global risk assessment and management to improve long-term outcomes. 21 On the basis of such recommendations, we may have to aggressively manage medications for subjects with metabolic syndrome, although lifestyle managements (such as weight reduction, smoking cessation, increased physical activity and diet modification) are very important in clinical practice.
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Study limitations
There are some limitations to this study. First, our study was conducted in a single year; an extended observation period will be necessary for further research. Second, these study results might not be consistent with those of a similar study intended for Japanese females. For a better understanding of the seasonal variations in metabolic syndrome prevalence, these effects should be confirmed in Japanese females. Third, we could not investigate differences in diet, physical activities and psychotropic medications of the study subjects. The differences between summer and winter results in study subjects may influence metabolic syndrome parameters and prevalence to some extent. Finally, this study could not determine whether the variations have a role in cardiovascular disease. We hope to conduct further studies in the near future to understand the effect of these variations in the clinical arena.
CONCLUSIONS
We showed that there were seasonal variations in metabolic syndrome prevalence in Japanese male workers. These results indicate that the season in which health checkups are conducted may affect the clinical diagnosis and management of metabolic syndrome. We propose that seasonal variations in metabolic components and metabolic syndrome prevalence should be taken into consideration in annual health checkups. Seasonal variation in metabolic syndrome prevalence
